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Posttraumatic stress disorder (PTSD) is associated with decreased hippocampal volume, but the relationship between trauma and
brain morphology in the absence of PTSD is less clear. In this study, measures of brain integrity were determined by estimating
gray and white matter regional brain volumes using structural magnetic resonance imaging in six patients with PTSD and in five
controls with comparable trauma exposure but without clinical evidence of PTSD. The only statistically significant volume
difference between groups was observed multivariately in the white matter of the right temporal lobe (superior temporal gyrus,
fusiform gyrus, parahippocampal gyrus, white-matter stem, middle temporal gyrus, and inferior temporal gyrus), although small
sample sizes limit the power to detect between-group differences. Both groups showed heterogeneity in cerebral atrophy.

Keywords: Posttraumatic stress disorder; Cerebral atrophy; Magnetic resonance imaging; Hippocampus; Total brain volume.

Introduction
Characterized by numerous neurobiological findings such
as alterations in cortisol physiology and cognitive function
(Jelicic & Merckelbach, 2004), patients with posttraumatic stress disorder (PTSD) may also show smaller
hippocampal volumes compared to healthy controls
(Bremner et al., 1995, 1997; Bremner, 1999a; Gurvits et al.,
1996; Hedges et al., 2003; Hull, 2002; Karl et al., 2006;
Kitayama, Vaccarino, Kutner, Weiss, & Bremner, 2005; Smith,
2005). Considering another stress-related disorder, some
studies have found reductions of hippocampal volume in
major depression (Bremner et al., 2000; Sheline, Mittler,
& Mintun, 2002), further suggesting the possibility of an
association between stress exposure and hippocampal
volume reduction. Indeed, stress exposure itself is associated
with hippocampal alterations in animal models (Fuchs,
Czeh, & Flugge, 2004; Sapolsky, 2000).

The effects of stress on human brain structures in the
absence of any observable psychiatric diagnosis are less
clear. In a study of Dutch police officers exposed to
stress, for instance, subjects with PTSD had smaller
hippocampal volumes compared to those without PTSD
(Lindauer et al., 2004), even though both groups presumably had similar stress exposure. In contrast, Pederson
et al. (2004) found no differences in hippocampal volume
between adult women with PTSD who had been abused
in childhood, adult women without PTSD who had been
abused in childhood, and non-trauma-exposed controls.
Although they did not find a smaller hippocampal volume in
women with PTSD from domestic violence compared to
controls, Fennema-Notestine, Stein, Kennedy, Archibald,
and Jernigan (2002) found that victimized women,
regardless of the presence or absence of PTSD, had volume
reduction of the supratentorial cranial vault and occipital
gray matter. In their meta-analysis, Kitayama et al. (2005)
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reported smaller left and right hippocampal volumes in
patients with PTSD compared to both trauma-exposed
and non-trauma exposed controls.
Aging also is associated with volume loss in a variety
of brain structures (Blatter et al., 1995; Raz & Rodrigue,
2006), including the hippocampus (Bigler, Anderson, &
Blatter, 2002). In fact, according to Allen, Bruss, Brown,
and Damasio (2005), gray-matter volume decreases linearly
between ages 30 and 70.
The putative susceptibility of the hippocampus to
stress (Bremner, 1999b) and to aging suggests that studies
examining hippocampal volume in PTSD should include
a comparison group of similar age and trauma exposure
to the PTSD subjects if the object of the study is to understand whether PTSD itself contributes to the putative volume
loss in the hippocampus and other brain structures. That
is, the comparison group must have experienced exposure
to similar trauma of a comparable magnitude to what was
experienced by the PTSD group and be of a similar age in
order to minimize bias from using a comparison sample
with no trauma exposure or of a different age.
To further investigate the relationship between stress
exposure, PTSD, and brain morphology, we obtained multiple brain comparisons in similarly aged Vietnam veterans
in their mid to late 50s who had similar combat experience
but differed only in regards to clinically manifested PTSD.
If PTSD itself is associated with significant brain-volume
reduction, it should be expressed in reduced volume of various
brain structures compared to similarly aged controls exposed
to a similar trauma for the approximately the same duration.
If PTSD is uniquely associated with volume abnormalities
of any brain structures over and above any changes produced
from exposure to stress alone in the absence of PTSD,
there should be volume differences in PTSD subjects compared to similarly aged combat-exposed veterans without
PTSD, even in a small sample size if such brain changes
are to be clinically meaningful in understanding the neurobiology of PTSD. While we were guided by reports suggesting hippocampal volume deficits in PTSD (Karl et al.,
2006; Kitayama et al., 2005; Smith, 2005), we volumetrically analyzed a large number of brain regions of interest (ROI)
without a priori hypotheses consistent with the approach
used by automated voxel-based morphometry (Miller,
2007) and genome-wide association studies that look for
genetic risk factors (The International Multiple Sclerosis
Genetics Consortium, 2007) because we wished to investigate multiple brain regions in addition to the hippocampus.

Methods
Participants
Six male Vietnam combat veterans meeting DSM-IV and
Structured Clinical Interview for DSM-IV (SCID) criteria
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for PTSD (mean age = 55.5, range 53–58) and five Vietnam
combat veterans without PTSD (mean age = 55.0, range
52–59) were evaluated. PTSD subjects were recruited
from a clinic specializing in the treatment of PTSD after
asking for help in recruitment from the clinic clinicians
and using posters announcing the availability of the
study. Similarly, control subjects were recruited by poster
and communication with clinicians from a general medical
clinic serving veterans. To be included, participants had
to have served at least one full tour of duty (1 year) in the
Vietnam War and have been exposed to combat during
that time. In order to determine the presence or absence
of PTSD according to DSM-IV criteria, potential subjects
underwent a clinical interview by a psychiatrist experienced in the diagnosis and treatment of PTSD. In addition
to the clinical interview and the SCID interview, study psychiatrists evaluated symptom severity using the ClinicianAdministered PTSD Scale (CAPS) (Blake et al., 1998).
Subjects having medical or neurological disease potentially affecting the central nervous system were excluded
from further participation, as were subjects who were
currently abusing or dependent upon substances. However, a history of substance abuse or dependence did not
exclude subjects from further participation, because such
an exclusion might lead to an unrepresentative sample.
The presence of current and past substance use or abuse
was determined by the clinical interview and by the
SCID-IV. Patients having a history of or current psychiatric
disorders other than PTSD and a history of substance
abuse or dependence were excluded, with the exception
of those having depression, panic disorder, and generalized
anxiety that were thought by the diagnosing physician to
be secondary to PTSD.
Before any study procedures were conducted, subjects
were informed both verbally and in writing about all
aspects of the study. As part of the informed consent
process, the study physicians explained confidentiality
and the subjects’ right to not participate or to withdraw
from the study at any time. University Institutional
Review Boards approved this study.

Imaging protocol and quantitative analysis
Brain images were obtained using a 1.5-T Picker scanner
(Philips Eclipse, Phillips Medical Systems, Highland
Heights, OH) according to standardized protocols. T1
coronal images were 1.2 mm thick with no interslice gap,
with a field view of 25.6 cm, and an acquisition matrix of
256 × 256. ANALYZE® software (Mayo Clinic, Rochester, MN) was used for segmentation-based tracing and
quantification (Bigler et al., 2002).
Using gray and white matter and cerebral spinal fluid
from coregistered T1- and T2-weighted images, multispectral classification was done to obtain images for analysis
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(Bigler et al., 2002) according to accepted protocols
(Bigler et al., 2002; Spanos et al., 2007; Wilde et al.,
2007). One trained rater who was unaware of the subjects’ diagnosis and had previously obtained a reliability
of 0.9 or higher compared to a standardized image analysis
protocol made measurements for each anatomical region
after summing pixel counts and correcting for height,
depth, and width of the voxel dimension. All analyses
used 3D registration methods to identify ROIs and to
guide structural classification for each target ROI.
Finally, a neuroradiologist clinically reviewed all scans,
wherein no clinical abnormality was identified.
Using these techniques based upon methods previously
established (Bigler et al., 2002; Wilde et al., 2007), gray
and white matter and total volumes of the following ROIs
were obtained: left and right amygdala, basal ganglia
(caudate, putamen, and globus pallidus), frontal lobe
(lateral frontal, superior medial, inferior medial, ventromedial, and inferior orbitofrontal structures and frontal
cerebral spinal fluid volumes), temporal lobe (gray matter:
hippocampus, parahippocampal gyrus, fusiform gyrus,
inferior temporal gyrus, middle temporal gyrus, superior
temporal gyrus; white matter: parahippocampal gyrus,
fusiform gyrus, inferior temporal gyrus, middle temporal
gyrus, superior temporal gyrus, and the white matter
stem), and the temporal pole. In addition, right and left
hemisphere, total corpus collosum, and anterior cingulate
cortex volumes were obtained, as well as the total intracranial (TICV), total brain (TBV), and total ventricular
volumes. Using total ventricular volume and dividing it
by TBV (multiplied by 100, so that whole numbers can be
reported) a ventricle-to-brain ratio (VBR) was calculated as
an index of the degree of generalized cerebral atrophy.
Because the VBR already corrects for head size differences (Bigler, 2001), no additional corrections were used
statistically with the VBR comparisons. TCV is also an
index of premorbid brain size (Bigler, 2001).

Statistical analysis
The statistical model used was a one-way, fixed-effects
multivariate analysis of variance (MANOVA), with
Group (PTSD versus non-PTSD) as the independent variable. Each MANOVA includes several univariate analyses of variance (ANOVA) (anywhere from two to six) for
each of the individual dependent variables in that analysis
and also an omnibus multivariate test for significance
of the overall pattern of these dependent variables considered as a whole. We calculated separate left and right
MANOVAs for the amygdala, basal ganglia gray matter,
basal ganglia white matter, total basal ganglia, frontal-lobe
gray matter, frontal-lobe white matter, frontal-lobe cerebral
spinal fluid, temporal-lobe gray matter, temporal lobe
white matter, temporal pole, and comparable MANOVAs

for the non-lateralizing cingulate cortex and the corpus
collosum. These 24 MANOVA anatomical analyses
(12 for each hemisphere) were calculated in each of three
ways: unadjusted volumes, volumes corrected for total
brain volume, and volumes adjusted for total-intracranial
volume, an estimate of premorbid brain volume that additionally corrects for differences in head size (Bigler, 2001).
In all there were 72 MANOVAs and six whole-brain volume
ANOVAs.
In this study in which multiple measures were conducted,
the potential for alpha inflation is a concern. When
datasets are multivariate (in the sense of having correlated
measures), multivariate significance tests are superior to
Bonferroni tests in statistical power and in protecting
against alpha inflation (Rencher, 2002, pp. 114–117).
Accordingly, we used multivariate statistics for the whole
amygdala, basal ganglia gray matter, basal ganglia white
matter, total basal ganglia, frontal-lobe gray matter, frontallobe white matter, frontal-lobe cerebral spinal fluid,
temporal-lobe gray matter, temporal-lobe white matter,
temporal pole, whole-brain volumes, cingulate cortex,
and corpus collosum, which of course include the
univariate ANOVA statistics for the individual dependent
variables within each of these brain structures. Using the
multivariate tests as a filter as proposed by Rencher and
Scott (1990), we did not consider univariate tests significant,
regardless of their p values, unless the corresponding
multivariate tests were also significant. As such and
given that individual brain structures relate positively to
one another and to TBV and TICV measures (Bigler &
Tate, 2001; Finlay & Darlington, 1995), multivariate testing
was used to identify ROIs that differed significantly
between those with and without PTSD.

Results
Demographic and clinical variables are shown for the
PTSD and control groups in Table 1. CAPS scores for the
PTSD group ranged from 58 to 91 and for the control
group from 0 to 25. The average CAPS score of 75.8
(SD = 13.3) in the PTSD group indicates significant
Table 1. Demographical and neuropsychiatric characteristics of
PTSD and control subjects
Characteristic
Number
Sex
Mean age (SD)
Ethnicity
CAPS score (SD)

PTSD subjects

Controls

6
Male
55.5 (1.87)
White
75.8* (13.3)

5
Male
55.0 (2.55)
White
8.4* (10)

CAPS, Clinician Administered PTSD Scale; SD, standard deviation.
*p < .001.
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Fig. 1. Ventricular-to-brain ratio1 comparison of PTSD to control (first panel), and CAPS score by ventricular-to-brain ratio
scatterplot comparison of PTSD to control (second panel).

distress from PTSD symptoms. In contrast, the average
CAPS score in the control group was 8.4 (SD = 10.0),
suggesting that subjects in this classification had minimal
or no symptoms of PTSD. Furthermore, the distribution
of CAPS scores in this sample was completely bimodal
(t = 9.31; p < .000003), with no overlap between the two
groups and a high correlation between the CAPS score
and the diagnosis from the psychiatric interview (point
biserial correlation = .952).
VBRs for each group and the relationship between
ventricular/brain ratio and CAPS score are shown in the
first panel of Figure 1. As seen, the average cerebral atrophy
does not differ much between the two groups, and both
groups had marked heterogeneity in cerebral atrophy.
Furthermore, the PTSD group had two subjects and
the non-PTSD group had one subject with VBRs greater
than two standard deviations above the mean VBR
of 2.07 (SD = 0 .88) found in a study of healthy adult
males aged 56–65 (mean = 2.07, SD = 0 .88) (Blatter
et al., 1995). In addition, the second panel of Figure 1
shows no relationship between CAPS score and cerebral
atrophy, either for the groups combined or for either
group separately.
For sample sizes of six (PTSD group) and five (non-PTSD
group), an effect size of 1.370 would be needed to detect
significance, corresponding to a t-test value of 2.262,
the value needed for significance with nine degrees of
Total ventricular volume/total brain volume ×100.

1

freedom. Cohen (1992) considers an effect size of .8 to be
a large effect size, so in his terms a very large effect size
is needed in this study to reach statistical significance.
The 24 MANOVAs for each of the three methods of
analysis (unadjusted volumes, volumes adjusted for total
brain volume, and volumes adjusted for total-intracranial
volume) break down into 82 individual univariate tests.
For unadjusted volumes, 11 of these 82 would be considered
by Cohen’s criterion (greater than .8) to be strong effect
sizes, and four of these exceed the value of 1.370, the
value ordinarily necessary with 9 degrees of freedom for
statistical significance. However, following the Rencher
and Scott (1990) recommendation of using the multivariate
test from each MANOVA as a filter to avoid alpha inflation,
none of these four is considered to be statistically significant.
Similarly, for volumes adjusted for total brain volume, 11
of the 82 effect sizes exceed .80, and three of these 11
also exceed 1.370, although none can be considered to
be statistically significant in that their corresponding
multivariate test is not significant. Also, with the volumes
adjusted for total-intracranial volume, 12 of the 82 effect
sizes exceed .80, and five of these also exceed 1.370,
but none can be considered to be significant because
their corresponding multivariate test is not statistically
significant.
Of the 246 univariate tests run (all of them nonsignificant when appropriately using the multivariate filter), six
were tests of hippocampal volumes. Not only were the
hippocampal volumes not significantly different, the
effect sizes were not particularly large (ranging between

406 D. W. HEDGES ET AL.
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1800
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Fig. 2. Unadjusted total-hippocampal, total-intracranial and total-brain-matter volumes in control compared to PTSD subjects (no
significant differences).

.032 and .308). The first panel in Figure 2 shows the
comparison of hippocampal volumes in the PTSD group
and the non-PTSP group. As shown in the other two
panels of Figure 2, total intracranial volumes and total
brain matter volumes also do not differ significantly
between the two groups.
Only the right temporal-lobe white matter in the data
adjusted for total intracranial volume showed any multivariate difference between groups (Wilks’ Lambda
(1.9) = 0.05430, p = .0164). Interestingly, even in this
case, none of the individual components of the right
temporal-lobe white matter had significant univariate volume

differences between groups – the difference was apparent
only multivariately for the right temporal-lobe white
matter as a whole. Nonetheless, inspection of Figure 3
shows a difference of nearly one Z-score unit between
groups in the superior temporal and fusiform gyri.

Discussion
Even though both subject groups in this study had
the same mean age and had similar exposure to combat
differing from each other only in PTSD symptoms, the
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Fig. 3. Mean volumes in Z-score units for each of the six
components of the right temporal-lobe white matter.

bimodal distribution of CAPS scores according to the
presence or absence of clinically symptomatic PTSD
indicates that the subjects diagnosed with PTSD were
highly symptomatic, whereas the control subjects did not
have clinically symptomatic PTSD. That is, the two
groups differed considerably from one another in terms
of symptom severity and in history of PTSD symptoms,
despite similar trauma exposure.
In this study involving multiple brain structures and
including corrections for either TBV or TICV, there were
no significant univariate differences between groups
when we protected against alpha inflation by considering
significant only univariate differences significant that had
corresponding multivariate significant differences. The
multivariate statistic was significant in the white matter
of the right temporal lobe as a whole in the data adjusted
for TICV, although none of the individual components
making up the white matter of the temporal lobe (the
parahippocampal gyrus, the fusiform gyrus, the inferior
temporal gyrus, the middle temporal gyrus, the superior
temporal gyrus, and the white-matter stem) showed
significant differences between groups. As such, when
trauma exposure is controlled for, no clinically meaningful volume differences of individual ROIs were
apparent between groups within the confines of the low
power of our study. That is, for statistically significant
differences to have been found between groups in our
study, very large effect sizes would have been needed,
potentially allowing moderate to large effect sizes to go
undetected.
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Although we did not find volume differences between
groups for specific temporal lobe structures, it is of
potential clinical interest that the right temporal lobe
white matter overall, statistically viewed as an aggregate,
did show multivariate differences. Functional imaging
has also implicated the temporal lobe in PTSD. Bonne et al.
(2003) used single photon emission computed tomography
(SPECT) to examine resting cerebral perfusion in Middle
East trauma survivors and observed perfusion differences
in right temporal lobe structures including the superior
temporal and fusiform gyri. In a study using SPECT in
subjects with similar rates of trauma exposure but with
and without PTSD, Pagani et al. (2007) found significant
uptake differences in the peri-limbic cortex and the temporal pole. In another study, medial right temporal lobe
reductions of N-acetyl-L-aspartic acid were found in
PTSD subjects compared to controls (Freeman, Cardwell,
Karson, & Komoroski, 1998).
Additional studies have demonstrated the critical role
of temporal lobe structures participating in emotional
processing (Simmons, Strigo, Matthews, Paulus, & Stein,
2006), and it may be that examining individual temporal-lobe
structures may not be the proper approach to studying
psychopathology (Swinkels, van Emde Boas, Kuyk, van
Dyck, & Spinhoven, 2006). The observation of the right
temporal lobe differences does have heuristic value for
future investigations, wherein an integrated approach of
simultaneously examining temporal lobe morphometry
with functional imaging studies may yield a better
understanding of the neuroanatomical basis of PTSD.
Finally, the origin of the temporal lobe white matter
abnormalities is unknown. One possibility is that the
effects of PTSD itself may result in abnormalities in
temporal lobe white matter. In contrast, it may be that
abnormalities in the right temporal lobe white matter
existed before the development of the PTSD, perhaps
making the affected subjects more vulnerable to the
effects of stress and more likely to develop PTSD, analogous to findings showing that in identical twins hippocampal volume deficits appear to occur before trauma
exposure and the development of PTSD (Gilbertson et al.,
2002).
In our data, two of the six PTSD subjects and one
of five controls had VBRs greater than two standard deviations above published normative values. Because the
degree of cerebral atrophy increases the risk of dementia
(Carmichael et al., 2007), could it be that a subset of
patients exposed to stress have an increased risk for global atrophic changes? Although beyond the design of this
study, examination of Figure 1 suggests that in both
groups there may be selective vulnerability to the development of cerebral atrophy, but how this relates to prolonged trauma exposure in early adulthood is not known.
More generally, stress exposure may be an important
contributing factor to dementia (Esch, Stefano, Fricchione,
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& Benson, 2002), although our data do not directly address
this hypothesis.
In contrast to some previous studies (Bremner, 1999a;
Bremner et al., 1995, 1997; Gurvits et al., 1996; Hedges
et al., 2003) and to three meta-analyses (Karl et al., 2006;
Kitayama et al., 2005; Smith, 2005) in which there were
hippocampal volume differences between PTSD patients
and controls, we found no evidence of hippocampal volume
differences between our groups. However, it is important
to keep in mind that our control group was composed of
healthy subjects of a similar age to the PTSD subjects and
who had been exposed to similar levels of chronic stress
as were the PTSD subjects. Several studies comparing
PTSD subjects to trauma-exposed subjects without PTSD
have been reported, although differences in trauma type,
age at trauma exposure, length of trauma exposure, time
since the trauma exposure, and sex of the subjects (Hedges &
Woon, 2007) make direct comparison with our results
difficult. For example, Winter and Irle (2004) found a
smaller hippocampus in burn victims with (n = 15) and
without (n = 15) PTSD compared to controls (n = 15) but
cautioned that the deficits in hippocampal volume could
have been due to the elevated cortisol levels found in
burn victims. Further, Golier et al. (2005) studying Nazi
Holocaust survivors did not find hippocampal volume
differences between those with (n = 14) and without (n = 13)
PTSD, concluding that ‘smaller hippocampal volume is
not invariably associated with chronic PTSD’ (p. 53),
consistent with the results of our study. In a PTSD group
of 37 male and female patients who had been exposed to
a one-time trauma, Bonne et al. (2001) found no differences at 1 week and again at a 6-month follow up in
hippocampal volumes between the PTSD group and the
trauma-exposed controls without PTSD. Similarly, no
differences in hippocampal volume were found between
11 PTSD patients and 11 trauma-exposed controls in a
study of women who had PTSD from domestic violence
(Fennema-Notestine et al., 2002). In a study of 17 adult
women with PTSD from childhood abuse compared to 17
trauma-exposed women without PTSD, no hippocampal
volume differences were found (Pederson et al., 2004).
Finally, Yamasue et al. (2003) found no differences in
hippocampal volume when comparing nine survivors of a
Sarin attack 5–6 months after trauma exposure to another
16 survivors of the same attack who did not develop
PTSD. Furthermore, accumulating data suggest that stress
exposure can lead to hippocampal atrophy (Bremner,
2006; Schmidt & Duman, 2007) possibly by decreasing
brain-derived neurotrophic factors (Duman & Monteggia,
2006). That is, stress exposure in the absence of clinical
PTSD could be capable of producing neurodegenerative
changes consistent with our observation that there were
few differences between the PTSD and non-PTSD groups.
In contrast, Lindauer et al. (2004) found a smaller
hippocampus in male and female subjects with PTSD

from police work compared to police workers without
PTSD. Unfortunately, differences in type of trauma, gender,
length of trauma, and time since the trauma in these studies
make comparison with our findings problematic. In our
study, we did not find hippocampal volume deficits in
PTSD compared to a non-PTSD group exposed to similar
chronic combat trauma. Our use of a combat-exposed
control group who did not develop PTSD may be an
important factor in understanding why there were no hippocampal volume differences between the two groups in
that chronic, severe stress and not just PTSD itself may
be associated with hippocampal volume loss. The low
power of our study to detect differences between groups
is relevant when considering these findings, however, in
that very large differences between groups would have
been needed to be present for our study to detect them.
Similarly, comparison of our findings with the results
of other small-number studies not finding differences in
hippocampal volume between PTSD and non-PTSD
groups should be tempered by power considerations.
A particular strength of this study is that both the
PTSD group and the trauma-exposed group without
PTSD were exposed to the same type of trauma for the
same duration. Although we did not quantify exactly the
trauma exposure in our subjects and it is possible that
the non-PTSD group experienced less traumatizing combat,
both groups were in Vietnam for a standard tour of duty
and were exposed to combat under similar circumstances
and at a similar age. Likewise, approximately the same
amount of time had passed for both groups between the
time of combat exposure and the study. Furthermore,
matching subjects closely for trauma exposure is problematic in that individual vulnerability to the effects of
trauma is variable (Yehuda, 2004). A second limitation is
the small number of patients with PTSD and non-PTSD,
trauma-exposed subjects, particularly in consideration of
the resulting low power of our study to detect betweengroup differences. An additional limitation is that alcohol
is a known hippocampal toxin (Agartz, Momenan, Rawlings,
Kerich, & Hommer, 1999; Beresford et al., 2006), and
cocaine use is associated with abnormalities in brain volume
(Bartzokis et al., 2000). As such, alcohol and other substance use may be important confounding factors in structural imaging studies of PTSD (Hedges & Woon, 2007).
While we did exclude subjects with current alcohol or
substance abuse, subjects with a history of alcohol or
other substance abuse were not excluded from our study,
making a history of substance use a potentially limiting
factor in interpreting our results.
In conclusion, in this small, low-powered study comparing brain morphology as determined by MRI in Vietnam
combat-exposed veterans with and without PTSD, no
differences were found in hippocampal volumes, although
we did find multivariate differences in the white matter of
the right temporal lobe between groups. Finally, cerebral
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atrophy while not on average different between groups
did show considerable heterogeneity in both groups.
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